Structure/activity relationships of scorpion alpha-toxins. Multiple residues contribute to the interaction with receptors.
Chemical modifications of tyrosine and tryptophan residues of scorpion alpha-neurotoxins II and III from Androctonus australis Hector were performed as well as modification of the two arginines and the alpha-amino group of toxin I. The pharmacological potencies of each derivative were assessed in vivo by LD50 measurement and in vitro by competition experiments with 125I-toxin for synaptosomal receptors. Arginine residues in positions 2 and 60 and the alpha-amino group of Androctonus toxin I were derivatized by p-hydroxyphenylglyoxal; the corresponding modified toxins exhibit low pharmacological potencies. Tryptophan 38 of toxin II and tryptophan 45 of toxin III were modified by nitrophenylsulfenyl chloride, leading respectively to a poorly and a fully active derivative. The tetranitromethane modification of tyrosine residues in positions 60, 5 and 14 of toxin III induced respectively 60%, 40% and 30% of loss of biological activity. Circular dichroic analysis indicated that for every derivative, except the nitrophenylsulfenyl derivative of Trp-45 of AaH III, the conformation of the toxin was not altered by derivatization. Conformational integrity was also confirmed by full activity of the derivatives in radioimmunoassays. Taken together, the results suggest that aromatic residues belonging to the conserved hydrophobic surface, to the C-terminal and to the loop region 37-44 are involved in the molecular mechanisms by which scorpion alpha-toxins act. Charged residues in the N-terminal and C-terminal also contribute to the high efficacy of the binding process. It appears that all important residues are clustered on one face of the toxin, suggesting a multipoint interaction with the proteins of the sodium channel.